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1
VEHICLE BATTERY CHARGER

The present application is based on Japanese patent
application No. 2011-257279 filed on Nov. 25, 2011, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a vehicle battery charger for
charging a vehicle with an electric motor as a drive source
for driving such as a so-called “plug-in hybrid vehicle” or an
electric car.

2. Description of the Related Art

In recent years, with consideration for environmental
problems, vehicles that have a motor as a driving source for
travelling thereof are becoming common. As a charging
stand for charging the vehicles like this, for example, a
charging stand disclosed in JP-A-2011-182640 is known.

The charging stand disclosed in JP-A-2011-182640 is
configured to form a plurality of housing voids in a stand
main body, and house an outlet unit in each of the housing
voids. This charging stand is capable of charging a plurality
of electric cars connected to the stand main body simulta-
neously.

SUMMARY OF THE INVENTION

By the way, the charging current that vehicles take in
when the charging is carried out is varied according to the
type of vehicle. In the charging stand capable of charging a
plurality of vehicles simultaneously, if a contact is con-
cluded with an electric supply company, based on the
maximum electric power required when only vehicles taking
in a large charging current are connected, electric price is
increased, as a result, the burden of the charging stand user
is increased, thus it leads to inhibition of an enhancement in
the availability of the plug-in hybrid vehicle, electric car and
the like. On the other hand, if an amperage contracted with
the electric supply company is small, a case may occur that
the charging is not carried out to a part of the plurality of
vehicles connected to the charging stand at all.

In particular, in recent years, vehicles that comply with
SAEJ1772 of an international standard that defines commu-
nications specification between the charging stand side and
the vehicle side and the like have been increased. If the
vehicles are configured to comply with the standard, the
amount of charging among the plurality of vehicles con-
nected to the charging stand can be adjusted by controlling
the charging current supplied to the vehicles by the com-
munications with the vehicle side, and temporarily stopping
the charging in order to allocate the charging current to the
other vehicles, but the above adjustment cannot be applied
to vehicles that does not comply with the standard.

Accordingly, it is an object of the invention to provide a
vehicle battery charger that is capable of causing a vehicle
to stop and restart charging a battery thereof even when the
vehicle is not adapted to stop and restart charging the battery
by the communications.

(1) According to one embodiment of the invention, a
vehicle battery charger for charging a vehicle that is oper-
able to detect a disengagement of a connecter or a preparing
operation of the disengagement of the connector by a change
in an electric current value of an electric current output from
a terminal of the connecter and to stop charging a storage
battery of the vehicle upon the detection comprises:
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2

a charging device configured to charge the vehicle; and

a simulation operation device configured to change the
electric current value by switching a pathway of the electric
current output from the terminal of the connecter in a state
that the connecter is in engagement and the preparing
operation of the disengagement of the connecter is not
carried out so as to cause the vehicle to stop charging the
storage battery.

In the above embodiment (1) of the invention, the fol-
lowing modifications and changes can be made.

(1) The simulation operation device is configured to cause
the vehicle to detect the disengagement of the connecter by
blocking the pathway of the electric current output from the
terminal of the connecter.

(i1) The simulation operation device is configured to cause
the vehicle to detect the preparing operation of the disen-
gagement of the connecter by switching the pathway of the
electric current output from the terminal of the connecter
such that the electric current value of the electric current is
equal to the electric current value obtained when the pre-
paring operation has been carried out.

(ii1) The simulation operation device is capable of select-
ing blocking the pathway of the electric current output from
the terminal of the connecter, or switching the pathway of
the electric current output from the terminal of the connecter
such that the electric current value of the electric current is
equal to the electric current value obtained when the pre-
paring operation has been carried out.

Points of the Invention

According to one embodiment of the invention, a vehicle
battery charger is constructed such that a simulation opera-
tion device is provided therein that causes the vehicle to
detect the disengagement of the charging connector or the
preparing operation of the disengagement even when the
charging connector is actually engaged to the vehicle inlet.
Thereby, the vehicle battery charger is operable to cause the
vehicle to interrupt the charging of the battery without
informing the vehicle of an abnormality while enabling the
vehicle to restart the charging of the battery subsequently.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments according to the invention
will be explained below referring to the drawings, wherein:

FIG. 1 is an explanatory view schematically showing a
configuration of a vehicle battery charger according to a first
embodiment of the invention;

FIG. 2 is an explanatory view schematically showing a
configuration of a vehicle battery charger and a vehicle;

FIG. 3 is a front view schematically showing a configu-
ration of a charging connecter;

FIG. 4 is a circuit diagram schematically showing a
configuration of a vehicle battery charger according to the
first embodiment and a vehicle;

FIG. 5 is a circuit diagram schematically showing a
configuration of a vehicle battery charger according to a
second embodiment and a vehicle; and

FIG. 6 is a circuit diagram schematically showing a
configuration of a vehicle battery charger according to a
third embodiment and a vehicle.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment
An example of a vehicle battery charger and a vehicle

charging system according to the embodiment of the inven-
tion will be explained below referring to FIGS. 1 to 4.
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Configuration of Battery Charger for Vehicle

FIG. 1 is an explanatory view schematically showing a
configuration of a vehicle battery charger according to a first
embodiment of the invention.

The vehicle battery charger 1 is configured to include a
charging gun 12 in which a charging connector 11 is formed
at the top end thereof, a charging cable 13 connected to the
charging connector 11 in the charging gun 12, and a charger
main body 10 configured to carry out charging of a vehicle
9 described below via charging cable 13 and the charging
connector 11. A commercial power supply of 200 VAC is
supplied to the charger main body 10 via a power supply
cable 14. Specification of each component of the vehicle
battery charger 1 complies with SAEJ1772.

The vehicle battery charger 1 is installed in, for example,
a charging stand formed in a parking area of a service area
of an express highway, a shopping mall, or an apartment
house and building at multiple units, and provides a charging
service for unspecified users. The charger main body 10 is
installed so as to be self-standing on the ground of the
parking area or the like.

In the charging gun 12, a release button 120 and a latching
projection 120a as a latching part are formed. The latching
projection 1204 is configured to operate in conjunction with
a push-operation of the release button 120.

Configuration of Charging System for Vehicle

FIG. 2 is an explanatory view schematically showing a
configuration in a use situation of the vehicle battery charger
according to the embodiment of the invention.

The vehicle 9 connected to the vehicle battery charger 1
is an electric car mounting a motor 96 as a driving source for
travelling in a vehicle body 90. In addition, the vehicle body
90 is configured to mount thereon a vehicle inlet 91 engaged
with the charging connector 11, a charging control circuit 92
connected to the input terminal of the vehicle inlet 91, a
control device 93 configured to control the charging control
circuit 92, a storage battery 94 and an inverter 95 configured
to supply electric power stored in the storage battery 94 to
the motor 96 as a motor current to which switching is
applied by pulse width modulation (PWM) control, and a
transmission 97 configured to change gear the output of the
motor 96 and transmit to front wheels 98.

The motor 96 is comprised of, for example, an interior
permanent magnet motor (IPM). The storage battery 94 is
comprised of, for example, a lithium ion battery having a
plurality of cells.

Further, the vehicle 9 may be a plug-in hybrid vehicle
including an engine fueled by a volatile liquid such as
gasoline as a driving source in addition to the motor 96. In
addition, a rear drive vehicle configured to transmit the
output of the transmission 97 to rear wheels 99 may be also
used.

The latching projection 120a (refer to FIG. 1) of the
charging gun 12 is configured to engage with the vehicle
inlet 91 so as to prevent the charging connector 11 from
unintended disengagement from the vehicle inlet 91. The
latching projection 120a is configured to operate in con-
junction with a push-operation of the release button 120,
thus the engagement between the latching projection 120a
and the vehicle inlet 91 is released by pushing the release
button 120, and it becomes possible to carry out an extract-
ing operation of the charging connector 11.

Configuration of Charging Connector 11

FIG. 3 is a front view schematically showing a configu-
ration of a charging connecter from the terminal side.

The charging connector 11 is configured to include a
housing 110, an L terminal 111 and an N terminal 112 as a
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4

pair of charging current output terminal configured to output
voltage for charging of the vehicle 9, a GND terminal 113
electrically connected to ground, a C terminal 114 as a
charging control terminal, and a P terminal 115 as a prox-
imity detection terminal configured to detect the proximity
to the vehicle inlet 91.

Circuit Configuration of Vehicle Battery Charger 1

FIG. 4 is a circuit diagram schematically showing an
example of configuration of the vehicle battery charger 1,
and the vehicle inlet 91, the charging control circuit 92, the
control device 93 and the storage battery 94 located on the
part of the vehicle 9.

The charger main body 10 of the vehicle battery charger
1 includes a control part 20 configured to control the supply,
block and the like of the charging current toward the side of
the vehicle 9. The control part 20 includes, for example, a
central processing unit (CPU) configured to operate in
accordance with a program preliminarily stored, and a
peripheral circuit thereof.

The control part 20 is configured to control ON (relay) or
OFF (block) of a relay circuit 21 installed in the charger
main body 10. The control part 20 and the relay circuit 21
are one example of the charging device of the invention. The
relay circuit 21 is configured to include a first contact part
21a, a second contact part 216 and a coil 21¢ configured to
allow the first contact part 21a and second contact part 215
to operate, and when electric current is supplied to the coil
21c¢ from the control part 20, the first contact part 21a and
second contact part 215 become an ON-state (closed state)
and when electric current is not supplied to the coil 21¢, both
of the first contact part 21a and second contact part 215
become an OFF-state (open state).

The first contact part 21a of the relay circuit 21 is installed
between a voltage line 140a of the power supply cable 14
and the [ terminal 111 of the charging connector 11 con-
nected to the charger main body 10 via the charging cable
13. In addition, the second contact part 215 is installed
between a neutral line 1405 of the power supply cable 14
and the N terminal 112 of the charging connector 11 con-
nected to the charger main body 10 via the charging cable
13. Due to this, when electric current is supplied to the coil
21c¢ from the control part 20, conduction state is formed
between the voltage line 140a and the L terminal 111, and
between the neutral line 1405 and the N terminal 112.

A current sensor 24 is installed in a wiring between the
first contact part 21a and the L. terminal 111. The current
sensor 24 is, for example, configured to be comprised of a
Hall element sensor, and detect electric current output from
the L. terminal 111 so as to output the detection signal
showing the electric current value thereof to the control part
20.

In addition, the control part 20 is configured to control a
switching circuit 22 installed in the charger main body 10.
The switching circuit 22 is configured to include a first coil
221 and a second coil 222, and control the supply of
electrical current to the first coil 221 and the second coil 222
individually, thereby connection states among first to sixth
contacts 22a to 22f can be switched.

When the power distribution to the first coil 221 is not
carried out, the first contact 22a and the second contact 225
become a connected state, and when the power distribution
to the first coil 221 is carried out, the first contact 22a and
the third contact 22¢ become a connected state. In addition,
when the power distribution to the second coil 222 is not
carried out, the fourth contact 224 and the sixth contact 22f
become a connected state, and when the power distribution
to the second coil 222 is carried out, the fourth contact 22d
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and the fifth contact 22¢ become a connected state. In an
initial state of the charger main body 10 (a state of being not
connected to the vehicle 9), the power distribution to both of
the first coil 221 and the second coil 222 is not carried out.

The first contact 224 is connected to a switch 121 dis-
posed in the charging gun 12 via the charging cable 13. The
switch 121 includes two contacts 121a, 1215 that are con-
figured to operate in conjunction with a push-operation of
the release button 120 of the charging gun 12, and become
a conduction state at the normal time when the release button
120 is not pushed and become an insulation state when the
release button 120 is pushed. The contact 1214 is connected
to the first contact 224 of the switching circuit 22 and the
contact 1215 is connected to the P terminal 115 of the
charging connector 11.

To the second contact 225, one end of a first resistor R,
installed in the charger main body 10 is connected. Another
end of the first resistor R, is connected to a voltage output
part 23. The voltage output part 23 is a direct current power
supply that is configured to transform an alternating current
supplied from the voltage line 140a and the neutral line
1404, for example, to a direct current of 5 V so as to output.
In addition, the first resistor R has a resistance value of, for
example, 2700Q.

The third contact 22¢ and the fourth contact 22d are
connected in the switching circuit 22. The fifth contact 22¢
is connected to none of the other circuit elements both inside
and outside of the switching circuit 22 so as to be electrically
isolated.

In addition, to the sixth contact 22f, one end of a second
resistor R, is connected. Another end of the second resistor
R, is configured to electrically be connected to ground, and
have the same electric potential (reference potential) as the
ground line 140¢ of the power supply cable 14. The second
resistor R, has a resistance value of for example, 150Q.

In addition, to the switch 121, a third resistor R; is
connected in parallel. One end of the third resistor R, is
connected to the contact 121a, and another end thereof is
connected to the contact 1215. The third resistor R; has a
resistance value of, for example, 330Q.

Due to this, in an initial state of the charger main body 10,
the first resistor R, is connected (short-circuited) to the P
terminal 115 via the switch 121. In the initial state, the
voltage output part 23 can output a voltage from the P
terminal 115 via the first resistor R, the switching circuit 22
(the second contact 225 and the first contact 224) and the
switch 121.

In addition, if the power distribution to the first coil 221
is carried out in a state that the power distribution to the
second coil 222 is not carried out, one end of the second
resistor R, is connected (short-circuited) to the P terminal
115 via the switch 121. Furthermore, if the power distribu-
tion to both of the first coil 221 and the second coil 222 is
carried out, the contact 121a of the switch 121 is connected
(short-circuited) to the fifth contact 22e.

To the second contact 225 of the switching circuit 22, a
first voltmeter V, configured to detect the voltage (difference
in potential from the reference potential) of the second
contact 225 is connected. In addition, to the sixth contact 22f
of the switching circuit 22, a second voltmeter V, configured
to detect the voltage (difference in potential from the refer-
ence potential) of the sixth contact 22f'is connected.

As the first voltmeter V| and the second voltmeter V,, for
example, an AD converter configured to convert an analogue
signal into a digital signal can be used, and a comparator
configured to compare the difference from (whether larger or
smaller than) a predetermined voltage value can be also
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used. The detection signal showing the voltage value
detected at the first voltmeter V, and the second voltmeter
V, is output to the control part 20.

In addition, the control part 20 has a communication
function that transmits information such as an allowable
current value of the charging current to the side of the
vehicle 9 by a pulse signal to which pulse width modulation
(PWM) control is applied. The transmission signal from the
control part 20 is output from the C terminal 114 of the
charging connector 11 to the side of the vehicle 9 via a
resistor for communication R_.. In addition, the control part
20 is configured to be able to monitor the voltage of the side
of the C terminal 114 of the resistor for communication R,.
The resistor for communication R, is configured to commu-
nicate with the vehicles that comply with SAEJ1772.

Configuration of Vehicle 9 Side

The vehicle inlet 91 includes a first terminal 911, a first
terminal 911, a second terminal 912, a third terminal 913, a
fourth terminal 914 and a fifth terminal 915. When the
vehicle inlet 91 is engaged with the charging connector 11,
the first terminal 911 is connected to the L terminal 111, the
second terminal 912 is connected to the N terminal 112, the
third terminal 913 is connected to the GND terminal 113, the
fourth terminal 914 is connected to the C terminal 114 and
the fifth terminal 915 is connected to the P terminal 115
individually. The fifth terminal 915 is one example of the
connecter terminal of the invention. A fourth resistor R, is
connected between the third terminal 913 and the fifth
terminal 915. The fourth resistor R , has a resistance value of,
for example, 2700€2.

The charging control circuit 92 includes a rectifier circuit
part 921, a relay circuit 922, a direct current power supply
923 and a fifth resistor R;. The fifth resistor R has a
resistance value of; for example, 330Q. The direct current
power supply 923 is configured such that the power supply
voltage of the output thereof is, for example, 5 V. The fifth
resistor Ry is configured such that one end thereof is con-
nected to the direct current power supply 923 and another
end thereof is connected to the fifth terminal 915. With
regard to the direct current power supply 923, there are two
cases according to the type of vehicle 9, namely one is a case
that the power supply voltage is always output, and another
is a case that the power supply voltage is output when the
charging voltage is applied to the first terminal 911 and the
second terminal 912 from the vehicle battery charger 1 and
the ignition switch operated by a driver is situated in an
ON-state.

The rectifier circuit part 921 is connected to the first
terminal 911 and the second terminal 912 of the vehicle inlet
91. The rectifier circuit part 921 is configured to rectify the
alternating current input from the first terminal 911 and the
second terminal 912 so as to output to the relay circuit 922.
The rectifier circuit part 921 is comprised of, for example, a
diode bridge circuit. Further, between the rectifier circuit
part 921 and the relay circuit 922, an inrush current limiting
circuit configured to limit an inrush current at the start of the
charging can be further installed.

The relay circuit 922 is configured such that an ON-state
(closed state) or an OFF-state (open state) thereof is con-
trolled by the control device 93. When the relay circuit 922
becomes the ON-state, the storage battery 94 is charged by
the electric power supplied from the first terminal 911 and
the second terminal 912.

Also, the fifth resistor R is configured such that one end
thereof is connected to the control device 93. The control
device 93 can detect the voltage (difference in potential from
the reference potential) of one end of the fifth resistor Rs.
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Further, the vehicle 9 according to the embodiment does
not comply with SAEJ1772, and does not have a commu-
nication function with the vehicle battery charger 1, thus the
transmission signal output from the control part 20 of the
vehicle battery charger 1 to the C terminal 114 is not input
to the control device 93. In case that the vehicle has the
communication function, it can be detected that the charging
connector 11 is engaged to the vehicle inlet 91 by the fact
that the control part 20 has achieved a communication with
the vehicle side, but in case that the vehicle does not have
the communication function, it is necessary to detect the
proximity of the charging connector 11 to the vehicle inlet
91 by the other methods.

In the embodiment, the proximity of the charging con-
nector 11 to the vehicle inlet 91 is detected based on the
voltage detected by the first voltmeter V. The proximity
detection method will be explained below.

Proximity Detection Method

Upon the disengagement when the charging connector 11
is not engaged to the vehicle inlet 91, the switching circuit
22 is situated in a first connection state that the first contact
224 and the second contact 225 are connected to each other.

In the disengagement, a direct current of +5 V is supplied
to the second contact 225 from the voltage output part 23 via
the first resistor R, on the other hand, the P terminal 115
connected to the first contact 22a via the switch 121 is
situated in an insulated state, thus the voltage of the second
contact 225 detected by the first voltmeter V,, namely the
voltage of the P terminal 115 becomes +5 V.

Where the power supply voltage is outputted when the
charging voltage is applied to the first terminal 911 and the
second terminal 912 from the vehicle battery charger 1 and
the ignition switch is situated in the ON-state, when the
charging connector 11 is engaged to the vehicle inlet 91, the
direct current power supply 923 does not output the power
supply voltage at this time point, so that an electric current
1, flows through the first resistor R, and the fourth resistor
R, by the voltage supplied from the voltage output part 23,
consequently the voltage of the second contact 225 detected
by the first voltmeter V| is reduced than the case of the
disengagement due to voltage drop in the first resistor R ;. In
the embodiment, since the first resistor R, and the fourth
resistor R, are configured to be equalized in the resistance
value, the voltage detected by the first voltmeter V|, becomes
2.5 V that is corresponding to one-half of the output voltage
of the voltage output part 23. The control part 20 can detect
the proximity of the charging connector 11 to the vehicle
inlet 91 by the change in the voltage.

On the other hand, where the direct current power supply
923 always outputs the power supply voltage, when the
charging connector 11 is engaged to the vehicle inlet 91, the
voltage detected by the first voltmeter V, is changed from 5
V to 4.51 V, so that the control part 20 can detect the
proximity of the charging connector 11 to the vehicle inlet
91 by the change in the voltage.

In addition, the control part 20 can determine whether the
direct current power supply 923 of the vehicle 9 always
outputs the power supply voltage, or it outputs the power
supply voltage when the charging voltage is applied to the
first terminal 911 and the second terminal 912 from the
vehicle battery charger 1 and the ignition switch is situated
in the ON-state, dependent on an amount of change in the
voltage when the charging connector 11 and the vehicle inlet
91 are engaged to each other. In particular, the control part
20 can determine that the vehicle engaged is a vehicle
configured to output the power supply voltage when the
charging voltage is applied to the first terminal 911 and the
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second terminal 912 from the vehicle battery charger 1 and
the ignition switch is situated in the ON-state, if the detected
voltage of the first voltmeter V, when the charging connec-
tor 11 and the vehicle inlet 91 are engaged to each other is
2.5 V. However, even if the voltage is, for example, 4.51V,
the state may correspond to a state that merely the ignition
switch is situated in the ON-state, thus it cannot be neces-
sarily determined that the vehicle is a vehicle configured
such that the direct current power supply 923 always outputs
the power supply voltage. However, also in this case, there
is no problem with regard to collateral of safety in the
charging. The control part 20 stores the determination result.

Upon detecting the proximity of the charging connector
11 to the vehicle inlet 91, the control part 20 supplies electric
current to the coil 21¢ of the relay circuit 21 so as to allow
both of the first contact part 21a and the second contact part
214 to become the ON-state. Due to this, the vehicle battery
charger 1 is situated in a state that the charging current can
be output from the L terminal 111 and the N terminal 112.
In addition, due to the fact that the charging voltage has been
applied, the direct current power supply 923 outputs the
power supply voltage.

In addition, upon detecting the proximity of the charging
connector 11 to the vehicle inlet 91, the control part 20
immediately supplies electric current to the first coil 221¢ of
the switching circuit 22 so as to switch the switching circuit
22 to the second connection state that the first contact 22a
and the third contact 22¢ are connected to each other. Due
to this, the connection between the first resistor R, and the
P terminal 115 is blocked, and the second resistor R, and the
P terminal 115 are connected to each other via the switch
121.

The switching to the second connection state is a proce-
dure adopted for allowing the control device 93 of the side
of the vehicle 9 to be able to detect that the release button
120 of the charging gun 12 has been pushed. Next, a method
of detecting that the pushing operation of the release button
120 for the disengagement of the charging connector 11
from the vehicle inlet 91 and the preparing operation thereof
has been carried out will be explained.

Method of Detecting Disengagement and Preparing
Operation Thereof

In case that the release button 120 has been pushed by the
user, there is a high possibility that the charging connector
11 is extracted from the vehicle inlet 91, thus for the purpose
of preventing occurrence of spark due to the fact that the LL
terminal 111 and the first terminal 911 are separated, and the
N terminal 112 and the second terminal 912 are separated in
a live-line state, the control device 93 stops the charging to
the storage battery 94 before the charging connector 11 is
disengaged from the vehicle inlet 91. In the embodiment, by
allowing the relay circuit 922 to be situated in the OFF-state,
the charging to the storage battery 94 is stopped. In case that
the above procedure is not carried out at the side of the
vehicle 9, the control part 20 allows the relay circuit 21 to
be situated in the OFF-state.

Further, if the charging to the storage battery 94 is stopped
at the side of the vehicle 9, it can be adopted that on
detecting that the release button 120 has been pushed,
immediately the relay circuit 922 is situated in the OFF-
state, but it can be also adopted that after the charging
current is reduced to a slight current value (for example, 0.1
to 1 A), the relay circuit 922 is situated in the OFF-state. Due
to this, spark that occurs between the connecter on the
charging connector 11 and the vehicle inlet 91 is reduced, so
as to reduce damages of the charging connector 11 and the
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vehicle inlet 91. In addition, this makes it possible to reduce
welding of relay in the relay circuit 922.

When the release button 120 is pushed, the connection
between the contact 121a and the contact 1215 of the switch
121 is released, and the resistance value from one end of the
fifth resistor R5 to the ground potential is changed, thus
electric current output from the fifth terminal 915 is also
changed via the fifth resistor R;. The control device 93
detects that the release button 120 has been pushed, based on
the change of the voltage of one end of the fifth resistor Ry
associated with the above-mentioned change of the current
value of the electric current.

In particular, the resistance value from another end of the
fifth resistor R, to the ground potential is changed from the
resistance value before the release button 120 is pushed
(parallel resistance value of the second resistor R, and the
fourth resistor R,) to the parallel resistance value of the
serial resistance of the second resistor R, and the third
resistor R, and the fourth resistor R, so that the resistance
value from one end of the fifth resistor R to the ground
potential is increased. As a result, the current value of the
current I, that flows through the fifth resistor R, is changed,
thus the voltage of one end of the fifth resistor R is changed.
The control device 93 detects that the release button 120 has
been pushed, based on the above-mentioned change of the
voltage, and allows the relay circuit 922 to be situated in the
OFF-state.

In addition, the control part 20 of the charger main body
10 detects that the release button 120 has been pushed, based
on the change of the voltage of the sixth contact 22f of the
switching circuit 22 that is detected by the second voltmeter
V,. Namely, the resistance value from one end of the fifth
resistor Rs to the ground potential is changed by that the
release button 120 has been pushed, and associated with this,
electric current that flows through the second resistor R, is
changed, thus the control part 20 detects that the release
button 120 has been pushed, based on the change of the
voltage of the sixth contact 22/ Based on the above-
mentioned detection, the control part 20 stops the supply of
electric current to the coil 21d of the relay circuit 21 as
mentioned above so as to allow both of the first contact part
21a and the second contact part 215 to be situated in the
open-state. For example, the voltage of the sixth contact 22f
is lowered from +1.51 V to +0.86 V before and after the
release button 120 has been pushed.

In addition, the control device 93 has a function that
detects that the charging connector 11 is disengaged from the
vehicle inlet 91, and also when the disengagement is
detected, allows the relay circuit 922 to be situated in the
OFF-state. This operation may be carried out in a case that,
for example, the release button 120 has been pushed during
one cycle when the control device 93 takes samples of the
voltage of one end of the fifth resistor R and the charging
connector 11 has been disengaged from the vehicle inlet 91.

It can be also detected based on the change of the voltage
of the sixth contact 22f that the charging connector 11 has
been disengaged from the vehicle inlet 91, similarly to the
case that the release button 120 has been pushed. Namely,
when the charging connector 11 has been disengaged from
the vehicle inlet 91, electric current does not flow from the
fifth terminal 915 to the side of the vehicle battery charger
1, thus the current I, that flows through the fifth resistor R
is reduced, and associated with this, the pressure drop in the
fifth resistor R5 is reduced, so as to change the voltage of one
end of the fifth resistor R5. The control device 93 detects the
disengagement of the charging connector 11 based on the
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above-mentioned change of the voltage, so as to allow the
relay circuit 922 to be situated in the OFF-state based on the
above-mentioned detection.

In addition, by the disengagement of the charging con-
nector 11, electric current does not flow through the second
resistor R,, thus by the second voltmeter V, associated with
this, the control part 20 detects the disengagement of the
charging connector 11. In particular, when the charging
connector 11 is disengaged from the vehicle inlet 91, the
voltage of the sixth contact 22f'becomes equal to the ground
potential, thus the control part 20 detects the above-men-
tioned change of the voltage by the second voltmeter V,, so
as to stop the supply of electric current to the coil 21¢ of the
relay circuit 21.

Charging Interruption Method

The vehicle battery charger 1 has a charging interruption
function that interrupts the charging to the vehicle 9 without
allowing the vehicle 9 to inform abnormality thereof.
Namely, only by allowing the relay circuit 21 of the vehicle
battery charger 1 to merely be situated in the OFF-state, a
case may occur that the vehicle 9 recognizes as blackout of
the system power supply or failure of the vehicle battery
charger 1 so as to inform abnormality to the driver or the
like, and this makes it impossible to carry out the restart of
the charging after that, but according to the charging inter-
ruption function, after a lapse of a predetermined time, the
charging can be restarted.

The charging interruption function is carried out by allow-
ing the control device 93 of the vehicle 9 to conduct a
pseudo-detection of the disengagement of the charging
connector 11, and is fulfilled by a simulation operation
device including the control part 20 and the switching circuit
22. The operation of the charging interruption by the simu-
lation operation device is executed, for example, on receiv-
ing a command from an integration controller that integrates
the whole of the charging stand, when electricity consump-
tion nearly exceeds the rated value or the like based on
increase in load of the charging stand.

The command is transmitted to the control part 20 via a
signal line (not shown). Upon receiving the command to
interrupt the charging to the vehicle 9, the control part 20
supplies electric current to the second coil 222 of the
switching circuit 22. Further, at this time, electric current is
supplied to the first coil 221, and the first contact 224 and the
third contact 22¢ are connected to each other. By the power
distribution to the second coil 222, the switching circuit 22
becomes a third connection state that the connection
between the fourth contact 224 and the sixth contact 22fis
blocked and simultaneously the fourth contact 224 and the
fifth contact 22e are connected to each other.

As mentioned above, the fifth contact 22e is connected to
none of the other circuit elements, thus by supplying electric
current to the second coil 222 of the switching circuit 22,
electric current that flows from the P terminal 115 into the
side of the vehicle battery charger 1 has nowhere to go.
Namely, pathway of electric current output from the fifth
terminal 915 is blocked, and electric current does not flow
into the side of the vehicle battery charger 1, thus the current
1, that flows through the fifth resistor Ry is reduced, and
associated with this, the pressure drop in the fifth resistor Ry
is reduced, so as to change the voltage of one end of the fifth
resistor Rs. Based on the above-mentioned change of the
voltage, the control device 93 judges that the charging
connector 11 is disengaged from the vehicle inlet 91 so as to
allow the relay circuit 922 to be situated in the OFF-state as
mentioned above even when the charging connector 11 is
actually not disengaged.
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In addition, the control part 20 allows the relay circuit 21
to be situated in the OFF-state after confirming that the
output of the charging current to the vehicle 9 is stopped or
reduced by the current sensor 24. Due to this, both of the
relay circuit 922 of the vehicle 9 and the relay circuit 21 of
the vehicle battery charger 1 are situated in the OFF-state, so
that the charging interruption state is realized.

Charging Waiting Processing Method

In case of allowing the vehicle 9 to wait in a state that the
charging to the vehicle 9 is interrupted, the processing of the
side of the vehicle battery charger 1 varies depending on
whether the vehicle 9 always outputs the voltage of the
direct current power supply 923 or the vehicle 9 outputs the
voltage of the direct current power supply 923 when the
charging voltage is applied to the first terminal 911 and the
second terminal 912 from the vehicle battery charger 1 and
the ignition switch is situated in the ON-state.

In case that the vehicle 9 always outputs the voltage of the
direct current power supply 923, the control part 20 carries
out the power distribution to the first coil 221 in a state of
allowing the relay circuit 21 to be situated in the OFF state,
s0 as to provide the second connection state that the power
distribution to the second coil 222 is not carried out. Due to
this, when the charging connector 11 is actually disengaged
from the vehicle inlet 91, the vehicle 9 and the vehicle
battery charger 1 become capable of detecting the disen-
gagement of the charging connector 11 by the second
voltmeter V.

On the other hand, in case that the vehicle 9 outputs the
voltage when the charging voltage is applied to the first
terminal 911 and the second terminal 912 from the vehicle
battery charger 1 and the ignition switch is situated in the
ON-state, the control part 20 blocks the supply of electric
current to the first coil 221 and the second coil 222 so as to
allow the switching circuit 22 to be situated in the first
connection state. Due to this, when the charging connector
11 is actually disengaged from the vehicle inlet 91, the
control part 20 becomes capable of detecting the disengage-
ment. Here, the blocking of the current supply to the first coil
221 and the second coil 222 can be carried out intermittently
at regular time intervals, or can be also carried out on
receiving a command from an integration controller that
integrates the whole of the charging stand.

In addition, in case that the ignition switch is situated in
the ON-state, the control part 20 detects this by the change
of the voltage detected by the first voltmeter V, and carries
out the power distribution to the first coil 221 so as to allow
the switching circuit 22 to be situated in the second con-
nection state. Due to this, the vehicle 9 can detect that the
charging connector 11 and the vehicle inlet 91 are situated
in the proximity, so that the vehicle 9 can be prevented from
driving forward in the proximity.

Charging Restart Processing Method

The restart of the charging to the vehicle 9 is carried out,
for example, on receiving a command from the integration
controller that integrates the whole of the charging stand.
The processing of the control part 20 when the command is
received varies depending on whether the vehicle 9 always
outputs the voltage of the direct current power supply 923 or
the vehicle 9 outputs the voltage of the direct current power
supply 923 when the charging voltage is applied to the first
terminal 911 and the second terminal 912 from the vehicle
battery charger 1 and the ignition switch is situated in the
ON-state.

In case that the vehicle 9 always outputs the voltage of the
direct current power supply 923, the control part 20 once
carries out the power distribution to the second coil 222, and
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after a predetermined time, blocks the supply of electric
current to the second coil 222. The power distribution time
to the second coil 222 is a time that the vehicle 9 can surely
recognize the change of the connection state of the switching
circuit 22 (the change of the voltage of one end of the fifth
resistor Ry), for example, not less than 1 second, preferably
3 to 5 seconds. Due to this, the vehicle battery charger 1 (the
simulation operation device comprised of the control part 20
and the switching circuit 22) allows the control device 93 of
the vehicle 9 to detect a state that the charging connector 11
is once disengaged from the vehicle inlet 91 and are then
engaged thereto again in a simulated state. This measure is
taken for allowing the side of the vehicle 9 to surely restart
the charging.

The control part 20 blocks the supply of electric current
to the second coil 222, and then immediately allows the
relay circuit 21 to be situated in the ON-state. Also, the side
of the vehicle 9 judges that the charging connector 11 is
engaged to the vehicle inlet 91 so as to allow the relay circuit
922 to be situated in the ON-state. Due to this, the charging
to the vehicle 9 is restarted.

On the other hand, in case that the vehicle 9 outputs the
voltage when the charging voltage is applied to the first
terminal 911 and the second terminal 912 and the ignition
switch is situated in the ON-state, the control part 20 allows
the relay circuit 21 to be situated in the ON-state in a state
that the connection state of the switching circuit 22 is
situated in the first connection state. Depending on this, the
direct current power supply 923 outputs the power supply
voltage, and the vehicle 9 that has detected the proximity of
the charging connector 11 to the vehicle inlet 91 allows the
relay circuit 922 to be situated in the ON-state so as to restart
the charging to the vehicle 9. The control part 20 confirms
that the charging has been restarted by the current sensor 24
and detects that the voltage of the direct current power
supply 923 has been output in this charging state by the first
voltmeter V,, and then the control part 20 carries out the
power distribution to the first coil 221 so as to allow the
switching circuit 22 to be situated in the second connection
state.

By allowing the switching circuit 22 to be situated in the
second connection state, the control part 20 is situated in a
state that the proximity and disengagement of the charging
connector 11 to/from the vehicle inlet 91 can be detected.

Functions and Advantages of First Embodiment

According to the first embodiment explained above, the
following functions and advantages can be obtained.

(1) By allowing the vehicle 9 to recognize that the
charging connector 11 is disengaged from the vehicle inlet
91 in a state that actually the charging connector 11 and the
vehicle inlet 91 are engaged to each other, the charging can
be interrupted without allowing the vehicle 9 to inform
abnormality thereof and in a state that subsequently the
charging can be restarted.

(2) When the charging is restarted, by the operation of the
control part 20 and the switching circuit 22 without the need
for any operation by the user of the vehicle battery charger
1 (the driver of the vehicle 9 or the like), the charging can
be restarted.

(3) In the charging stand, when electricity consumption
nearly exceeds the rated value or the like based on increase
in load of the charging to a plurality of vehicles, by tem-
porarily stopping the charging to a part of the vehicles, it is
possible to prevent the condition that the electricity con-
sumption exceeds the rated value, and simultaneously it
becomes possible to continue the charging to the other part
of the vehicles.



US 9,481,324 B2

13

Second Embodiment

Next, the second embodiment of the invention will be
explained referring to FIG. 5. FIG. 5 is a circuit diagram
schematically showing a configuration of the vehicle battery
charger 1A according to the second embodiment, and the
vehicle inlet 91, the charging control circuit 92, the control
device 93 and the storage battery 94 in the side of the vehicle
9. Hereinafter, in FIG. 5, with regard to the elements that
have a function in common with that explained in the first
embodiment, the same references as those used in the first
embodiment will be used, and overlapping explanation will
be omitted.

The first embodiment has a configuration that the fifth
contact 22¢ of the switching circuit 22 is situated in an
insulated state, but the embodiment has a configuration that
the sixth resistor R, is connected between the fifth contact
22e of the switching circuit 22 and the second resistor R,.
The other configurations are equal to those of the first
embodiment. The sixth resistor R, has a resistance value of,
for example, 150Q that is equal to the resistance value of the
third resistor R;.

The first embodiment is configured to allow the vehicle 9
to recognize that the charging connector 11 is disengaged,
when the charging is interrupted, but the embodiment is
configured to allow the vehicle 9 to recognize that the
release button 120 (refer to FIG. 1) of the charging gun 12
is pushed by the simulation operation device comprised of
the control part 20 and the switching circuit 22. The opera-
tion of the simulation operation device at the time of
interruption, waiting and restart of the charging is identical
to that of the first embodiment.

When the power distribution to the second coil 222 is
carried out and the switching circuit 22 is situated in the
third connection state at the time of interruption of the
charging, the P terminal 115 is connected to the reference
potential of the charger main body 10 via the switch 121, the
switching circuit 22, the sixth resistor R;,, and the second
resistor R,. Since the release button 120 is not pushed at the
time of interruption of the charging, the two contacts 121a,
1215 of the switch 121 are situated in the short-circuited
state. Consequently, the resistance value between the P
terminal 115 and the reference potential of the charger main
body 10 becomes the total resistance value of the sixth
resistor R;, and the second resistor R, (for example, 150Q+
330Q=480Q).

The above-mentioned resistance value is identical to the
resistance value between the P terminal 115 and the refer-
ence potential of the charger main body 10 when the release
button 120 is pushed in the second connection state of the
switching circuit 22. Accordingly, when the switching cir-
cuit 22 is situated in the third connection state, the control
device 93 judges that the release button 120 is pushed (the
switch 121 is situated in the open-state), even if actually the
release button 120 is not pushed, so as to allow the relay
circuit 922 to be situated in the OFF-state as mentioned
above. The control part 20 confirms that the output of the
charging current to the vehicle 9 is stopped or reduced by the
current sensor 24, so as to allow the relay circuit 21 to be
situated in the OFF-state.

After that, in case that the vehicle 9 always outputs the
voltage of the direct current power supply 923, the control
part 20 blocks the supply of electric current to the second
coil 222 and allows the switching circuit 22 to be situated in
the second connection state, so as to allow the vehicle 9 to
wait the charging. In addition, in case that the vehicle 9
outputs the voltage when the charging voltage is applied to
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the first terminal 911 and the second terminal 912 and the
ignition switch is situated in the ON-state, the control part 20
blocks the supply of electric current to the first coil 221 and
the second coil 222 and allows the switching circuit 22 to be
situated in the first connection state, so as to allow the
vehicle 9 to wait the charging. As mentioned above, the
blocking of the current supply to the first coil 221 and the
second coil 222 can be carried out intermittently at regular
time intervals, or can be also carried out on receiving a
command from an integration controller that integrates the
whole of the charging stand.

At the time of restart of the charging, in case that the
vehicle 9 always outputs the voltage of the direct current
power supply 923, the control part 20 once carries out the
power distribution to the second coil 222, and after a
predetermined time, blocks the supply of electric current to
the second coil 222. The power distribution time to the
second coil 222 is a time that the vehicle 9 can surely
recognize the change of the connection state of the switching
circuit 22 (the change of the voltage of one end of the fifth
resistor Ry), for example, not less than 1 second, preferably
3 to 5 seconds. Due to this, the vehicle battery charger 1 (the
simulation operation device comprised of the control part 20
and the switching circuit 22) allows the control device 93 of
the vehicle 9 to detect a state that the release button 120 is
once pushed and after that it is returned in a simulated state.

The control part 20 blocks the supply of electric current
to the second coil 222, and then immediately allows the
relay circuit 21 to be situated in the ON-state. Also, the side
of the vehicle 9 judges that the release button 120 is once
pushed and after that it is returned so as to allow the relay
circuit 922 to be situated in the ON-state. Due to this, the
charging to the vehicle 9 is restarted.

On the other hand, in case that the vehicle 9 outputs the
voltage when the charging voltage is applied to the first
terminal 911 and the second terminal 912 and the ignition
switch is situated in the ON-state, the control part 20 allows
the relay circuit 21 to be situated in the ON-state in a state
that the connection state of the switching circuit 22 is
situated in the first connection state. Depending on this, the
direct current power supply 923 outputs the power supply
voltage, and the vehicle 9 that has detected the proximity of
the charging connector 11 to the vehicle inlet 91 allows the
relay circuit 922 to be situated in the ON-state so as to restart
the charging to the vehicle 9. The control part 20 confirms
that the charging has been restarted by the current sensor 24
and detects that the voltage of the direct current power
supply 923 has been output in this charging state by the first
voltmeter V|, and then the control part 20 carries out the
power distribution to the first coil 221 so as to allow the
switching circuit 22 to be situated in the second connection
state.

As mentioned above, according to the embodiment, by
allowing the vehicle 9 to recognize that the release button
120 is pushed in a state that actually the release button 120
is not pushed, the charging can be interrupted without
allowing the vehicle 9 to inform abnormality thereof and in
a state that subsequently the charging can be restarted. In
addition, when the charging is restarted, by the operation of
the control part 20 and the switching circuit 22 without the
need for any operation by the user of the vehicle battery
charger 1 (the driver of the vehicle 9 or the like), the
charging can be restarted.

Next, the third embodiment of the invention, will be
explained referring to FIG. 6. FIG. 6 is a circuit diagram
schematically showing a configuration of the vehicle battery
charger 1B according to the third embodiment, and the
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vehicle inlet 91, the charging control circuit 92, the control
device 93 and the storage battery 94 in the side of the vehicle
9. Hereinafter, in FIG. 6, with regard to the elements that
have a function in common with that explained in the first
embodiment, the same references as those used in the first
embodiment will be used, and overlapping explanation will
be omitted.

The embodiment is configured such that the switching
circuit 22 includes the third coil 223 in addition to the first
coil 221 and the second coil 222. In addition, the embodi-
ment is configured such that the seventh contact 22g, the
eighth contact 22/ and the ninth contact 227 in addition to
the first to sixth contacts 22a to 22f. The seventh contact 22g
is connected to the fifth contact 22e in the switching circuit
22. The eighth contact 22/ is connected to none of the other
circuit elements both inside and outside of the switching
circuit 22 so as to be electrically isolated. The ninth contact
22i is connected to one end of the sixth resistor R,

When the power distribution is carried out to the first coil
221 and the second coil 222, the switching circuit 22
according to the embodiment makes it possible to switch to
a configuration in any one of two states simulating that the
charging connector 11 is disengaged and that the release
button 120 is pushed, based on the power distribution or no
power distribution to the third coil 223. At the time of the
power distribution to the third coil 223, the seventh contact
22g is connected to the eighth contact 22/, in the state, when
the power distribution is carried out to the first coil 221 and
the second coil 222, the state simulating that the charging
connector 11 is disengaged is configured. In addition, at the
time of no power distribution to the third coil 223, the
seventh contact 22g is connected to the ninth contact 22/, in
the state, when the power distribution is carried out to the
first coil 221 and the second coil 222, the state simulating
that the release button 120 is pushed is configured.

This makes it possible to, for example, switch whether the
power distribution is carried out to the third coil 223 or not
according to the type of vehicle. In addition, this makes it
possible to, for example, simulate a state that the charging
connector 11 is disengaged from the vehicle inlet 91 after the
release button 120 is pushed.

As mentioned above, also according to the embodiment,
the same action and advantage as those of the first and
second embodiments can be obtained.

Although the invention has been described with respect to
the specific embodiments for complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art which
fairly fall within the basic teaching herein set forth.

In particular, for example, the first to third embodiments
are configured such that the function of the switching circuit
22 is realized by a plurality of relay elements realize, not
limited to this, the function of the switching circuit 22 can
be realized by a semiconductor switching element such as
transistor. In addition, in the first to third embodiments, a
case that the execution and stop of the charging to the
storage battery 94 in the side of the vehicle 9 are switched
by a closing or opening operation of the relay circuit 922 is
explained, but not limited to this, the execution and stop of
the charging can be switched by an ON or OFF operation of
a semiconductor switching element such as power transistor.

What is claimed is:

1. A vehicle battery charger including a connector for
charging a vehicle, the vehicle comprising a storage battery
and a relay circuit configured to start or stop charging to the
storage battery by becoming a closed state or an opened
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state, the connector having a proximity detection terminal,
the vehicle being operable to detect a disengagement of the
connecter or a preparing operation of the disengagement of
the connector by a change in an electric current value of a
sensing electric current output from the proximity detection
terminal of the connecter and to stop the charging of the
storage battery of the vehicle upon the detection, the vehicle
battery charger comprising:

a charging device connected to the connector and config-

ured to charge the vehicle, comprising

a simulation operation device comprising a switching
device, the simulation operation device configured to
change the electric current value by switching a
pathway of the sensing electric current output from
the proximity detection terminal of the connecter
while the connecter is still in engagement and the
preparing operation of the disengagement of the
connecter is not yet carried out, thereby setting the
relay circuit of the vehicle at the opened state to
cause the vehicle to stop charging the storage battery,
wherein said switching device changes said value of
the sensing electric current output from said prox-
imity detection terminal of the connector in response
to a control signal;

a switching circuit comprising at least a first switching

section and a second switching section,

the first switching section comprising a first contact
connected to the proximity detection terminal via a
parallel circuit in which a switch disposed in a
charging gun and a first resistor are connected in
parallel, and

the second switching section comprising a fourth con-
tact configured to be connected to the first contact
depending on a switching state of the first switching
section;

wherein when a switching state of the first switching

section is changed from a first connection state to a
second connection state in which the first contact is
connected to the fourth contact, a control device on the
side of the vehicle can detect that a release button of the
charging gun has been pushed, and

when the switching state of the second switching section

from the second connection state to a third connection
state in which a fifth contact is connected to no other
circuit element in the switching circuit, the control
device judges that the connector is disengaged from a
vehicle inlet even when the connector is actually not
disengaged from the vehicle inlet.

2. The vehicle battery charger according to claim 1,
wherein the simulation operation device is configured to
cause the vehicle to detect the disengagement of the con-
necter by blocking the pathway of the electric current output
from the proximity detection terminal of the connecter.

3. The vehicle battery charger according to claim 1,
wherein the simulation operation device is configured to
cause the vehicle to detect the preparing operation of the
disengagement of the connecter by switching the pathway of
the electric current output from the proximity detection
terminal of the connecter such that the electric current value
of the electric current is equal to the electric current value
obtained when the preparing operation has been carried out.

4. The vehicle battery charger according to claim 1,
wherein the simulation operation device is capable of select-
ing blocking the pathway of the electric current output from
the proximity detection terminal of the connecter, or switch-
ing the pathway of the electric current output from the
proximity detection terminal of the connecter such that the
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electric current value of the electric current is equal to the
electric current value obtained when the preparing operation
has been carried out.

5. The vehicle battery charger according to claim 1,
wherein the simulation operation device is configured to
cause the vehicle to detect the disengagement of the con-
necter by blocking the pathway of an electric proximity
signal that indicates that the connector is electrically con-
nected to the relay circuit of the vehicle.

6. A vehicle battery charger including a connector for
charging a vehicle, the vehicle comprising a storage battery
and a relay circuit configured to start or stop charging to the
storage battery by becoming a closed state or an opened
state, the connector having a proximity detection terminal,
the vehicle being operable to detect a disengagement of the
connecter or a preparing operation of the disengagement of
the connector by a change in an electric current value of a
sensing electric current output from the proximity detection
terminal of the connecter and to stop the charging of the
storage battery of the vehicle upon the detection, the vehicle
battery charger comprising:

a charging device connected to the connector and config-

ured to charge the vehicle, comprising

a simulation operation device comprising a switching
device, the simulation operation device configured to
change the electric current value by switching a
pathway of the sensing electric current output from
the proximity detection terminal of the connecter
while the connecter is still in engagement and the
preparing operation of the disengagement of the
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connecter is not yet carried out, thereby setting the
relay circuit of the vehicle at the opened state to
cause the vehicle to stop charging the storage battery,
wherein said switching device changes said value of
the sensing electric current output from said prox-
imity detection terminal of the connector in response
to a control signal:
a switching circuit comprising at least
a first switching section comprising a first contact
connected to the proximity detection terminal via a
parallel circuit in which a switch disposed in a
charging gun and a first resistor are connected in
parallel, and
a second switching section comprising a fourth contact
configured to be connected to the first contact
depending on a switching state of the first switching
section;
wherein when a switching state of the first switching
section is changed from a first connection state to a
second connection state in which the first contact is
connected to the fourth contact, a control device on the
side of the vehicle can detect that a release button of the
charging gun has been pushed, and
when the switching state of the second switching section
from the second connection state to a third connection
state in which a fourth contact is connected to a second
resistor, the control device judges that the release
button is pushed even when the release button is not
actually pushed.
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